TITLE OF THE INVENTION 

A PORTABLE TELEPHONE APPARATUS FOR ACHIEVING ROAMING 
WITH A LOW AMOUNT OF CODE BETWEEN TWO SYSTEMS 

BACKGROUND OF THE INVENTION 

Field of t^^. Tn ven1-,-i nn 

The present invention relates to a portable telephone 
apparatus for performing wireless communication through 
a base station in a first portable telephone system that 
uses a predetermined communication protocol, and to the 
improvement of roaming between the first portable 
telephone system and a second portable telephone system 
that uses a different communication protocol. 

Descript ion of the Background Art 

In recent years mobile phone infrastructure has been 
developed in industrialized nations such as Japan, the US 
and European countries, as well as various other countries 
.around the world. 

Time Division Multiple Access (TDMA) , Frequency 



Division Multiple Access (FDMA), and Code Division 
Multiple Access (CDMA) are examples of systems generally 
used in wireless communication. CDMA is thought to have 
particular potential as it has superior multipath phasing 
measures and allows better communication in built up areas . 

The CDMA mobile phone system was developed by the US 
company Qualcomm. After being adopted as US standard 
IS-95 in 1993, the system came into mainstream use and is 
now employed in numerous countries including Hong Kong 
(since September 1995 ) and South Korea (since January 1996) . 
Meanwhile, the IS-95 standard was revised to IS-95A and 
then to IS-95B. Japan employs a mobile phone system ARIB 
STD-T53 (commonly known as T53) that conforms with IS- 
95A. 

As mobile phone system infrastructure is improved in 
various countries, the appearance of . portable telephones 
that are capable of international roaming is anticipated, 

A portable telephone apparatus capable of 
international roaming can be used in a first country, and, 
when taken from the first country to a second country, can 
also be operated in the second country. Here, it is 
possible that a portable telephone apparatus compatible 
with the US IS-95 system could also be used in Hong Kong 
and South Korea, and thus so-called international roaming 



could be performed between the US and Hong Kong and the 
US and South Korea. This is because Hong Kong and South 
Korea use the same IS-95 system as the US, meaning that 
providing a portable telephone apparatus performs 
5 procedures compatible with IS-95, communication can take 
place with the mobile phone system in any of these 
countries . 

However, when a portable telephone that can be used 
:g in the US IS-95 protocol mobile phone system is taken to 

10 Japan, which uses the ARIB STD-T53 communication protocol 
j.j mobile phone system, the portable telephone apparatus 

m 

performs procedures . in compliance with IS-95, but the 
y system performs procedures in compliance with T53. Here 

m the procedures performed by the portable telephone do not 

\^ 15 match those performed by the system. . As a result the 
portable telephone apparatus taken to Japan cannot perform 
communication, making international roaming between Japan 
and the US impossible. 

In a portable telephone apparatus/ the procedures 
20 performed according to the communication protocol are 
implemented in the program code. Therefore if program 
code for procedures in both IS-95 and T53 is packaged in., 
the apparatus in advance, international roaming between 
countries that use different protocols, such as between 
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Japan and the United States, should be possible . However, 
if program code for procedures in both IS-95 and T53 is 
packaged in a portable telephone apparatus, the program 
code size will be double that of when program code for only 
one protocol is packaged. If the code- size is doubled it 
is necessary to double the size of the memory that stores 
the code, resulting in high manufacturing costs for such 
a portable telephone apparatus. 



iJlO SUMMARY OF THE INVENTION 



The object of the present invention is to provide, 
at low cost, a portable telephone apparatus that implements 
roaming between portable telephone systems that use 
.15 different communication protocols. 

The portable telephone apparatus of the present 
invention is a portable telephone apparatus for roaming 
between a first portable telephone system and a second 
portable telephone system. The portable telephone 
apparatus includes a reception unit for receiving a message 
transmitted from a base station in one of the two systems, 
a judging unit for judging whether a received message has 
a common format in the two systems or a different format 
in the two systems, a first processing unit for processing 
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the received message by performing a procedure common. to 
the two systems when the message has the common format, 

i 

and a second processing unit for processing the received 
message by performing procedures unique to each of the two 
5 systems when the message has the different format. 

With the above-described construction, program code 
corresponding to common format messages can be shared. 
The only program code that need be supplied for each 
individual communication protocol is that corresponding 
10 to messages having different formats in different 

|n communication systems. As a result, in the portable 

[ n 

telephone apparatus of the present invention the necessary 
III amount of program code in the package is "common procedures 

+ different procedures'', meaning that the more messages 
1==^ 15 that the two communication protocols have in common,, the 

greater the reduction in the amount of overall program code. . 

In this way, storage capacity is reduced, improving cost 

performance. 

In particular, when one of a first communication 
20 protocol and a second communication protocol is based on 
the other, the two protocols have numerous messages in 
common, allowing for program code to be. reduced. In this 
way, roaming, for example between the United States and 
Japan, can be implemented with a low amount of program code . 
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Furthermore, the portable telephone apparatus may 
further include a protocol revision receiving unit for 
receiving, from the base station, a protocol revision 
message showing a type of communication protocol used in 
one of the two systems. The reception unit may receive 
a succeeding message which succeeds the protocol revision 
message, from the base station. The second processing 
unit may process the succeeding message by performing a 
procedure unique to the first system when the communication 
protocol in the first system is shown in the protocol 
revision message, and process the following message by 
performing a procedure unique to the second system when 
the communication protocol in the second system is shown 
in the protocol revision message. 

With the above-described construction, the 
switching of procedures is performed based on the type of 
communication protocol shown in the protocol revision 
message. Therefore it is possible to execute the 
necessary procedures for international roaming without 
operations from the user, enabling the user to take the 
portable telephone apparatus to a first country or a second 
country without having to perform troublesome operations. 

Here, a base station in the first system may transmit 
the protocol revision message on a first frequency, and 
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a base station in the second system may transmit the 
protocol revision message on a second frequency. The 
protocol receiving unit may receive either of the two 
protocol revision messages by scanning the first frequency 
5 and the second frequency. 

A portable telephone apparatus according to this 
construction can perform acquisition of a base station even 
if the upstream channel and downstream channel allocated 

;g frequencies are opposite, as with IS-95 communication 

1*10 protocol and T53 communication protocol. 

m 

f . e 

BRIEF DESCRIPTION OF THE DRAWINGS 
ly These and other objects, advantages and features 

i 

[fj Of the invention will become apparent from the following 

15 description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific 
embodiment of the invention. In the drawings: 

FIG. 1 is a view of the inner construction of a 
portable telephone apparatus in an embodiment of the 
20 present invention; 

FIG. 2 shows an outline of state transition in a 
portable telephone apparatus; 

FIG. 3 shows the data format of the sync channel 
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message; 

FIG. 4 shows the data format of the paging channel 
message; 

FIG. 5A shows the data format of the forward traffic 
channel message; 

FIG. 5B shows an example of the order message; 

FIG. 6A and 6B show examples of the allocated 
frequencies of the upstream channel and the downstream 
channel ; 

FIG. 7 is a flowchart showing the procedures of the 
message processing unit 3 in the initialization state; 

FIG. 8 is a flowchart showing the procedures of the 
message processing unit 3 in the idle state, the system 
access state, and the traffic channel state. 

DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 

An embodiment of a portable telephone apparatus will 
be explained with reference to the drawings. FIG. 1 shows 
the inner .construction of an embodiment of the portable 
telephone apparatus of the present invention. The 
portable telephone apparatus includes a CDMA processing 
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unit 1, a user interface 2, and a message processing unit 
3. 

The CDMA processing unit \, which transmits and 
receives messages to and from a base station, includes 4 
to 5 CDMA reception systems 11, and one transmission system 
12. . 

Each CDMA reception system 11 includes a PN 
(pseudo-noise) code generation circuit 13, a back- 
diffusion circuit 14, a demodulation circuit 15, a filter 
10 16, and a timing modification circuit 17. The PN code 
generation circuit 13 generates PN code sequences. The 
back-diffusion circuit 14 performs back-diffusion by 
hybridizing reception signals induced by an antenna with 
a generated PN code sequence. The demodulation circuit 
1=4 15 15 performs linear demodulation on back-diffused reception 
signals to obtain messages generated by a base station. 
The filter 16 passes only decoded signals with specific 
waveband components. The timing modification circuit 17 
performs synchronous acquisition of the base station by 
instructing the PN code generation circuit 13 of 
modifications in the timing of PN code sequence generation, 
in accordance with the amplitude of signals output from 
the filter 16. The 4 to 5 reception systems 11, 
collectively called a "finger", receive radio waves and 



f sj 

in 



I ™ 
r 



20 



9 



10 



y 

III 
in 

i3i5 



20 



multipath from a plurality of base stations. 

The CDMA transmission system 12 includes a PN code 
generation circuit 18, a modulation circuit 19, and a 
diffusion circuit 20. The PN code generation circuit 18 
generates PN code sequences. The modulation circuit 19 
performs linear modulation of output signals (messages) 
to be outputted to a base station. The diffusion circuit 
20 performs diffusion on output signals that have been 
subject to linear modulation by hybridizing each signal 
with a PN code sequence, and then transmitting the 
hybridized signal via the antenna to a base station. 

The user interface 2 includes a liquid crystal 
display (LCD) 21 for displaying character strings and 
symbols, a keyboard 22 for receiving operations from the 
user, a speaker 23, and a microphone 24. 

The message processing unit 3 performs state 
transition as shown in FIG. 2 from an initialization 
(hereafter- -init") state through to a traffic channel state 
and performs overall control of messages transmitted and 
received via the CDMA processing unit 1, according to 
messages transmitted from a base station and operations 
of the user interface 2 performed by the user. 

FIG. 2 shows an outline of state transition in a 
portable telephone apparatus. 
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In the init state the message processing unit 3 finds 
as many base stations as possible that have a radiowave 
that can reach the portable telephone apparatus, and 
selects one with a reception signal electric field strength 
that is of at least a predetermined level. When a base 
station has been selected, the portable telephone' 
apparatus uses a sync channel message sent from the base 
station to perform synchronous acquisition, and shifts to 
an idle state . . 

In the idle state, the message processing unit 3 is 
on standby. That is to say, the message processing unit 
3 monitors messages on the paging channel, and waits to 
receive page messages and various parameters. In this 
state, the message processing unit 3 returns to the init 
state (FIG. 2, yl) if idle handoff is performed or if 
reception of messages on the paging channel is impossible. 
If an on-hook operation is performed on the portable 
telephone apparatus, or, if the portable telephone 
apparatus receives a page message, the message processing 
unit 3 proceeds to a system access state (FIG. 2, y2) . 

In the system access state the message processing 
unit 3 transmits origination messages to the base station 
on the paging channel when an on-hook operation is 
performed or a telephone number is pressed on the portable 



telephone apparatus. If the portable telephone apparatus 
receives a page message, it transmits a page response 
message on the paging channel . When acknowledgement other 
than that of either a page message or an origination message 
is received, the message processing unit 3 goes back to 
the idle state (FIG. 2, y3) . After sending an origination 
message or a page response message, the message processing 
unit 3 performs position registration with the base station, 
and when call connection is complete, proceeds to the 
traffic channel state (FIG* 2, y4 ) . 

In the traffic channel state, after call connection 
has been performed, the message processing unit 3 performs 
calls and data communication using the traffic channel. 
In addition, if the position of the portable telephone 
apparatus changes during a call or data communication the 
message processing unit 3 performs the accompanying. hand 
off. If the user performs operations such as off-hook 
operations, the message processing unit 3 ends the call 
or the data communication and proceeds to the init state 
(FIG. 2, y5) . 

Next, messages received and transmitted between the 
base station and the portable telephone apparatus in each 
of the states above will be explained, together with some 
similarities and differences between IS-95 and T53. 
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A similarity in the init state is that both systems 
use the sync channel message shown in FIG. 3 to perform 
synchronous acquisition with the base station. An 
important part of the sync channel message shown in FIG. 
5 3 is the P_REV (protocol revision) which shows whether the 
communication protocol used in the mobile phone system is 
IS-95 or T53. In other words, if the portable telephone V 
apparatus receives the sync channel message and refers to \ 
;| the P_REV field, it is able to recognize whether the 
j~ 10 communication protocol used in the mobile phone system is 
SJj IS-95 or T53. 

r A difference between IS-95 and T53 in the init state 

i,d is that the allocated frequency bands of the upstream and 
IP downstream channels for the sync channel are opposite 
1-^15 ("upstream" refers to the direction from the portable 
telephone apparatus to the base station, "downstream" 
refers to the direction from the base station to the 
portable . telephone apparatus). In T53 a frequency . of 
825.030MHz is allocated to the upstream channel, and a 
20 frequency of 870.030MHz is allocated to the downstream 
channel, while in IS-95 a frequency of 870.030MHz is 
allocated to the upstream channel and a frequency of 
825 . 030MHz is allocated to the downstream channel . Hence, 
in the T53 mobile phone system the above sync channel 
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message is transmitted at 870.030Mhz, whereas in the IS-95 
mobile phone system the above sync channel message is 
transmitted at 825.030MHz. 

Next, similarities and differences in the idle state 
5 and the system access state will be explained. In both 
T53 and IS-95 the paging channel message shown in FIG. 4 
is used to perform cooperative procedures with a base 
station in the idle state and the system access state. 
I However, the formats of (1) and (2) in the paging channel 
1^0 message shown in FIG. 4 differ between T53 and IS-95. 

The neighbor list (Fig. 4 (1)) is a message for 
notifying the portable telephone apparatus of a list of 
information about base stations around the portable 
1 ■ telephone apparatus . The message processing unit 3 refers 
lis to this neighbor list, anactive list, and a remain list 
while searching fdr the base station that can maintain the 
best communication state. The active list is a list of 
the base station actually acguired. The remain list is 
a list of base stations that have been acquired previously. 
20 In T53 the neighbor list message includes frequency 

information, making acquisition of base stations with 
different frequencies possible . On the contrary, in IS-95 
the neighbor list message does not include frequency 
information, making acquisition of base stations with 
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different frequencies impossible. 

The channel assignment message (FIG. 4 (2)) is for 
performing allocation procedures on the paging channel and 
the traffic channel. 

This completes the explanation of the idle state and 
the system access state. Next the traffic channel state 
will be explained - 

In the traffic channel state, use of the forward 
traffic channel message shown in FIG. 5A is common to both 
T53 and IS-95, however the structure of the fields in the 
traffic channel numbered (3) and (4) in FIG. 5 differ 
between T53 and IS-95. 

The alert. with information (FIG. 5 (3)) is a message 
for performing tone (dial-tone, engaged signal etc.) 
control procedures . 

The handoff direction message (FIG. 5 (4)) is a 
message for performing handoff control procedures. 
("Handoff" refers to the process of switching from one 
acquired base station to another when a user moves.) 

In addition, the service option request order field 
format included in the order message differs between T53 
and IS-95. FIG. 5B shows the order message included in 
the paging channel message and the forward traffic channel 
message. The service option request order (FIG. 5B (5)) 
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is for deciding various communication modes such as voice 
communication, data communication, and short message 
communication; a command that performs so-called service 
options control procedures. 

Based on the similarities and differences outlined 
above, the following type of procedures allows a portable 
telephone apparatus to perform communication in mobile 
phone systems using both T53 and IS-95. Namely, the 
portable telephone apparatus receives a sync channel 
message transmitted at either 870.030MH2 or 825.030MH2, 
and by referring to the P_REV message in the sync channel 
message is able to recognize whether the communication 
protocol used by the mobile phone system and base station 
in the area in which the portable telephone apparatus is 
located is T53 or IS-95. Subsequently, when the message 
processing unit 3 proceeds from the idle state through to 
the traffic channel state, procedures unique to each of 
T53 and IS-95 are performed only when messages (1) to (5) 
are received and transmitted. 

As the allocated frequencies of the upstream and 
downstream, channels in IS-95 and T53 are opposite^ the 
message processing unit 3 in the present embodiment swaps 
the upstream and downstream channel frequencies by 
performing a connection swap, such as that shown in FIG. 



6, in the software. If the connection swap is performed 
as in FIG. 6A, a frequency of 870.030MHz is allocated to 
the upstream channel and a frequency of 825.030MHz is 
allocated to the downstream channel . If the connection swap 
is performed as in FIG. 6B, a frequency of 825.030MHz is 
allocated to the upstream channel and a frequency of 
870.030MHz is allocated to the downstream channel. For 
example, the message processing unit 3 allocates the 
frequencies as shown in FIG. 6A and attempts acquisition 
of a base station. If acquisition is successful, the 
message processing unit 3 proceeds from the init state to 
the idle state. However, if acquisition of a base station 
is impossible with the frequencies allocated as in FIG. 
6A, the message processing unit 3 allocates the frequencies 
as in FIG. 6B and attempts again to acquire a base station. 

The sequence when, the message processing unit 3 
performs such procedures is shown in the flowcharts in FIG. 
7 and FIG. 8. The procedures are implemented by a machine 
language command sequence. The message processing 3 unit 
has a memory apparatus that stores such machine language 
command sequences, and a microprocessor that executes 
these command sequences. The procedures performed by the 
message processing unit 3 will be explained below with 
reference to FIG. 7 and FIG. 8. 



FIG. 7 is a flowchart showing the procedures 
performed by the message processing unit 3 in the init stage • 
FIG, 8 is a flowchart showing the procedures . performed by 
the message processing unit 3 in the idle state, the system 
5 access state, and the traffic channel state. The 
procedures performed by the message processing unit 3 will 
be explained with reference to these flowcharts. 

At step SI the message processing unit 3 performs a 
sync channel scan on the downstream allocated frequency. 

10 At step S2 the message processing unit 3 performs sync 
channel acquisition. At step S3 the message processing 
unit 3 judges whether sync channel acquisition is 
successful. If acquisition is successful the message 
processing unit 3 proceeds to step S5. If acquisition is 

15 unsuccessful the message processing unit 3 reverses the 
upstream channel and downstream channel allocated 
frequencies at step S4 and returns to step SI . For example, 
if base station acquisition is unsuccessful with the 
frequencies allocated as in FIG. 6A, the message processing 

20 unit 3 reallocates the frequencies as in FIG. 6B, or if 
base station acquisition is unsuccessful with the 
frequencies allocated as in FIG. 6B, the message processing 
unit 3 reallocates the frequencies as in FIG. 6A. 

If the message processing unit 3 goes through the 
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process at steps SI to S4 and is successful in base station 
acquisition, it then proceeds to step S5. At step S5 the 
message processing unit 3 judges whether the communication 
protocol used in the mobile phone system in which the 
portable telephone apparatus is located is IS-95 or T53. 
When a judgement has been made a P_REV flag is set. The 
P_REV flag is set as "1" when the communication protocol 
used in the mobile phone system in which the portable 
telephone apparatus is located is IS-95, and as "0" when 
the communication protocol is T53. At step S5, if the 
protocol is judged to be IS-95 the P_REV flag is set as 
^^1" at step S7. At step S5, if the protocol is judged to 
Jj be T53 the P_REV flag is set as "0" at step S6. 
ri 8 is a flowchart showing the procedures 

is performed by the message processing unit 3 in the idle state, 
the system access state, and the traffic channel state. 
At step Sll the message processing unit 3 waits for a 
reception signal. If a reception signal is received the 
message processing unit 3 judges the type of the message 
at step S12. At step 813 the message processing unit 3 
judges whether the received message is an order message 
including any one of the messages (1) neighbor list message, 
(2) channel assignment message, (3) alert with information 
message, (4) handoff direction message, and (5) service 
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option request order. If the judgement is negative the 
result of step S13 is "No" and the message processing unit 
3 proceeds to step S15 . At step S15 the message processing 
unit 3 performs procedures conforming to T53 communication 
protocol. However, if the received message is any of (1) 
to (5), the message processing unit 3 proceeds from step 
S13 to step Si4 and refers to the P_REV flag. If the P_REV 
flag is set at the message processing unit 3 proceeds 
to step S15 and performs procedures conforming to T53 
communication protocol. If the P_REV flag is set at "1" 
the message processing unit 3 proceeds to step S16 and 
performs processing conforming to IS-95. 
j In this way, according to the present embodiment, 

^ when the communication protocol used in a mobile phone 

3 

115 system is IS-95, the message processing unit 3 does not 
switch all of the plurality of procedures performed in the 
idle state through to the traffic channel state when a 
message is received, but rather it performs partial 
switching, switching only part of the plurality of 

20 procedures. As a result, in the portable telephone 
apparatus of the present embodiment the necessary amount 
of program code in the package is "plurality of procedures 
+ a part of procedures", meaning that the more messages 
that the two communication protocols have in common, the 
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greater the reduction in the amount of overall program 
code . 
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